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Relative Sweetness of Invert Sugar’’z 
By J. W. Sale and W. W. Skinner3 

WATER AND BEVERAGE LABORATORY, BUREAU OF CHEMISTRY, u. s. DEPARTMENT O F  AGRICULTURE, WASHINGTON, D. c. 

Although it is commonly believed that sugar may  be conserved 
by inverting it, experiments described in this paper show that i f  
sucrose is assigned a sweetening value of 100, the sweetening value 
of invert sugar i s  only 85. Since 100 units of sucrose by inversion 
become 105 units of invert sugar, the net loss in sweefening power 
by the inversion of 100 units of sucrose i s  about 11 units. For some 
purposes, such as in the manufacture of candy and certain bottlers’ 
sirups, or concentrates f rom which bottlers’ sirups are prepared, it 
may  be advantageous to use a sirup which has been partly inverted 
because it does not crystallize so easily as  an ordinary sugar sirup, 
thus permitting the use of a denser and therefore a better keeping sirup. 

Invert sugar sirup in which the sucrose. or ordinary sugar, has 
been almost completely inverted can be prepared so that it is practi- 
cally devoid of flavor, provided less acid i s  employed than is ordi- 
narily recommended and the time of heating is reduced to a minimum. 
The  amount of acid recommended in the preparation of a practically 

flavorless and colorless invert sirup is 0.013 per cent of weight of 
C. P. hydrochloric acid (37 per cent) based on ihe weight of sugar and 
water taken. Boiling for 20 min. with this amount of acid will 
be suficient to inoert practically all of the sucrose. 0.021 per cent 
by weight of tartaric acid crystals (99.5 per cent) caused a n  inver- 
sion of 96 per cent when the solution was boiled 40 min. A t  the end 
of 20 min., only 67 per cent of the sucrose (ordinary sugar) was in- 

verted. These dLta were obtained on sugar solutions made b y  
boiling equal weights of sugar and water. The  sirup obtained in this 
way will be reduced in volume and have a density of about 30” Bk. 
W h e n  less water is used to dissolve the sugar, the temperature at 
which the solution boils will be higher and the color and flavor will 
be increased. 

Invert sugar sirups inverted with hydrochloric and tartaric acids, 
respectively, were practically without color or flavor, but gave a slightly 
unpleasant harsh sensation. which, hocuever, was not produced by  
the finished beverage. 

Invert sirup prepared with invertase and concentrated by boiling 
under reduced pressure was practically colorless. possessed only a 
slight candy flavor, and was remarkably smooth when taken in the 
mouth. This  sirup was therefore superior to the invert sirups pre- 
pared with acid. Since invertase i s  now obtainable in commercial 
quantities, this method of preparing invert sirup i s  recommended. 
Invert sirup having a density of 42’ Bk., prepared with invertase, 
will contain approximately 0.001 per cent of added protein nitrogen. 

Invert sirups which are practically without flavor or color make 
satisfactory bottled sodas. However, invert sirups prepared ac- 
cording to the usual formulas and possessing a decided candy flavor 
do not mahe strictly first-class lemon sodas, orange sodas, or other 
delicately flavored products. 

NFORMATION to the effect that sugar may be con- 
served by the process of inversion has been widely dis- I seminated in trade and other publications during the 

past two or three years. As a result, the Bureau of Chemis- 
try has received many inquiries for specific information on the 
subject. I3 is commonly stated that a net increase in sweet- 
ening power of 30 per cent is gained by the conversion of 
sucrose into invert sugar. For this reason the use of invert 
sugar sirup in the manufacture of bottled sodas, ice cream,etc., 
has been advocated, and tpere is no doubt that large quantities 
of it have been used by bottlers in the belief that sugar was 
thus being conserved. The question of the sweetness of in- 
vert sugar as compared with that of sucrose or ordinary su- 
gar, therefore, is a matter of some commercial importance 
and of much scientific interest. 

As it seemed that a difference of 30 per cent in the sweet- 
ening power of two sugar solutions should be detected with 
certainty by anyone with a normal sense of taste, some ex- 
periments were undertaken to test the validity of the claims 
for the sweetness of invert sugar. The chemist who is ac- 
customed to  proceed along exact analytical lines usually ac- 
cepts with reluctance conclusions based on a series of tests 
which depend upon the sense of taste, unsupported by other 
confirmatory data. Nevertheless, successful experiments 
along this line have been recorded by chemists, and more 
particularly by psychologistfi who have developed standard 
psychophysical procedures for the determination of stimu- 
lus limen, difference limen, etc. For example, Richards,* 
who worked with supraliminal solutions, determined when a 
given quantity of acid was neutralized by alkali so success- 
fully that the average amount of acid found in six tests was 
99.9 per cent of the amount actually present. The greatest 

I Received February 9, 1922. 
2 Published by permission of the Secretary of Agriculture. 
* Assistant Chief, Bureau of Chemistry. 
6 A m .  Chem. J., 20 (1898), 121. 

variation from the average was 1 per cent. He stated that 
in this method of analysis a degree of accuracy exceeding 
some which are seriously applied as quantitatively useful was 
reached. Richards’ work on acids, as well as that of Corin16 
of Kahlenberg,6 of Kastle,’ and of Crozier,* was made the 
object of further study by Gibson and Ha~-trnan,~ who ap- 
plied the stimulus limen as a criterion of the sapidity of 
certain acids, and used a standard psychophysical procedure. 
While the sense of taste and the sense of sniell receive little 
consideration in the average analytical chemical laboratory, 
they are employed by manufacturers of foods, flavors, and 
perfumes in obtaining fairly accurate comparative data. 
The taate and aroma of vanilla and of lemon extracts, of bot- 
tled ginger ale, of coffee, of tea, and of many other products, 
largely determine the quality and the price at  which they are 
sold, irrespective of any quantitative chemical data which may 
be obtained. 

In  some previous experimentslO made in the Water and 
Beverage Laboratory, the stimulus limens of four chemi- 
cally pure sugars were obtained and the relative sweetness 
calculated, with the following results: sucrose = 100; dex- 
trose = 50; levulose= 150; maltose= 60. Paul’l compared 
the sweetness of several sugars with that of sucrose. His 
data, recalculated to a basis of sucrose=100, are as follows: 
dextrose = 52; levulose = 103; lactose = 28. 

THE INVERSION OF SUCROSE . 
When 342.236 (=molecular weight) units of sucrose or 

ordinary sugar are inverted, 180.126 units of dextrose and 
6 Arch. bioi., 8 (1888), 121. 
6 Univ. Wisconsin, Bull. 2 (1898). 2; J. Phyr .  Chem., 4 (1900). 33. 
7 Am. Chem. J., 20 (1898), 466. 
8 J .  Come. NeuvoT., 26 (1916). 453. 
9 Am. J .  PsychoE., SO (1919), 311. 

10 Southern Carbonator and Bottler, June 1928. 
11 Chem.-Ztg., 46 (1921). 705. 
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180.126 units of levulose are obtained theoretically. The 
mixture of dextrose and levulose is known as invert sugar. 
Since 342.236 units of ordinary sugar produce 360.252 (molec- 
ular weight) units of invert sugar, there is a gain in actual 
weight of sugar of a little over 5 per cent 

(-6 = 1.0526). 

If sucrose = 100, dextrose = 50, and levulose = 150, then by 
calculation, invert sugar=100, that is, a unit weight of 
sucrose and a unit weight of invert sugar are equally sweet. 
Since there is an actual gain in weight of sugar in the process 
of inversion of 5 per cent, i t  follows that there might be a small 
gain in sweetness. If Paul’s figures, vix., sucrose = 100, dex- 
trose = 52, levulose = 103, are accepted, then by calculation 
invert sugar = 78. The writers have been unable to confirm 
Paul’s value for levulose. However, a conclusion as to the 
relative sweetness of invert sugar and sucrose should be based 
on direct experimental evidence, rather than calculated from 
the relative sweetness of dextrose and levulose, since the char- 
acter of a sucrose solution changes during the process of in- 
version, As will be shown, this change depends to some ex- 
tent upon the method of inversion employed. The most ap- 
parent change is in the flavor and there is also a possibility 
of a partial destruction of levulose. 

PREPARATION OF SIRUPS 

Five samples of ordinary highly refined cane sugar, weigh- 
ing 1 kg. each, were made up into sirups according to the 
methods described below. All weights of sugar and sirup 
were corrected for displacement of air. The sugar used was 
analyzed by the method of double polarization a t  20” C. 
and was found to be 99.99 per cent pure. After being sd- 
justed to the desired concentrations, the sirups were analyzed 
with a saccharimeter and the results obtained were checked 
by the copper method described in “A. 0. A. C. Methods of 
Analysis.” 

Sample 1 was dissolved in 1 1. of distilled water; 5.5 cc. of 0.5 N 
hydrochloric acid (0.013 per cent by weight of C. P. hydrochloric 
acid (37 per cent), based on weight of sugar and water taken) were 
added; and the sirup was boiled in a glass flask for 20 min. After 
cooling to room temperature (29O C.) the sirup was diluted with 
distilled water to such a volume that 1 cc. contained theoreti- 
cally 0.5 g. of invert sugar. This sirup was designated as Sirup 1. 

Sample 2 was dissolved in 1 I.  of water; 5 5 cc. of N tartaric 
acid (0.021 per cent by weight of C .  P. tartaric acid crystals (99.5 
per cent)) were added; and the solution was boiled in a glass flask 
for 40 min. Previous experience had shown that in a 20-min. 
period of boiling. with this amount of tartaric acid, only about 
67 per cent of the sucrose was inverted, but in a 40-min. period of 
boiling the inversion is over 95 per cent complete. The sirup 
which had been boiled 40 min. was adjusted to the same theo- 
retical strength as Sirup 1 and was designated as Sirup 2.  

Sample 3 was dissolved in I 1. of water, and adjusted a t  room 
temperature to such a volume that 1 cc. contained theoretically 
0.5 g. of sucrose (ordinary sugar). This sirup which was an ordi- 
nary sugar sirup (not inverted) was designated as Sirup 3. 

Samples 4 and 512 were combined and dissolved in 6 1. of dis- 
tilled water, 100 cc. of autolyzed yeast extract were added, and 
the sugar solution was allowed to stand a t  room temperature for 
48 hrs. At the end of this time the inverted sugar solution was 
heated to 90” C., mixed with about 25 g. of Norit, filtered, and 
the carbon washed free of sugar. The filtrate was divided in two 
equal portions. One portion was concentrated by boiling at 
atmospheric pressure and after cooling was adjusted to such a 
volume that 1 cc. contained theoretically 0.5 g. of invert sugar. 
This sirup was designated as Sirup 4. The other portion was 
concentrated by boiling in a partial vacuum (pressure of 1 to 2 
in.) and finally adjusted to such a volume that 1 cc. contained 
theoretically 0.5 g. of invert sugar. The sirup was designated 
as Sirup 5.  

11 Mr. C. F. Walton, of the Carbohydrate Laboratory, prepared Sirups 
4 and 5, and also confirmed certain of the analytical data reported. 

COMPOSITION OF SIRUPS 
After being adjusted to such volumes that 1 ce. a t  29” C. 

contained by calculation 0.5 g. of sugar, the sirups were 
analyzed with a saccharimeter and the results checked by 
the copper method. The results obtained are recorded in 
Table I. 

TABLE I-COMPOSITION OF SIRUPS USED FOR COMPARING SWEETNESS 
(Percentage of sugar based o n  weights of sugar and specific gravity of 

sirups - 42.2) 
----BY SACCHARIMETER- C- BY COPPER-- 

Invert Total Invert Total 
Sirup Sucrose1 Sugar Sugar Sucrose’ Sugar Sugar 
No. Per cent Per cent Per cent Per cent Per cent Per cent 
1 0.9 42.6 43.5 0.5 40.9 41.4 
2 1.6 40.5 42.2 2.3 39.5 41.9 
3 ’42.1 0.0 42.1 41.1 0.6 41.6 

42.4 0.1 41.4 41.5 4 0.8 41.6 
5 0.1 42.9 43.0 0.0 41.3 41.3 

1 Ordinary sugar. 

In  calculating the percentage of invert sugar from the read- 
ings on the saccharimeter, which were made at 29” O., the 
value for the specific rotation of levulose found by Vo~burgh’~ 
for a concentration of 5.0 g. per 100 cc. a t  29’ C. was used. 
It is of interest to note that the results obtained by the sac- 
charimeter are consistently higher than those obtained by 
the copper method. Sirups 1, 4, and 5 were satisfactorily 
inverted. Sirup 2 was inverted only to the extent of 96 
per cent, based on the total sugar found by the saccharimeter. 
This lack of complete inversion, however, did not introduce 
any serious error in the tasting experiments. 

TASTING EXPERINENTS 
The taste sensation is influenced by many factorsI4 among 

which are (1) strength of solutions employed, (2) amount of 
solutions applied, (3) extent of surface excited, (4) duration 
of the application, (5) temperature of the solutions, (6) state 
of resl; or movement of the tongue, (7) nature of preceding 
stimuli, (8) adaptation, (9) fatigue, (10) touch,, (11) smell, 
(12) sight. While these and other factors have been kept 
in mind, a strict psychophysical procedure, by controlling 
the touch, temperature, and movement factors, and by ap- 
plying minute amounts of the various solutions to single 
papilla by eliminating smell by closing the nostrils, etc., 
and thus determining stimulus limen, was not followed. 
Instead Richards’ procedure, using supraliminal solutions 
of a concentration previously determined to be of special 
significance, was chosen for comparison. Richards’ conclu- 
sions BS to the sapidity of certain acids were confirmed by 
Gibson and Hartmang who used the standard but more 
laborious technic of the psychologist. Moreover, in ex- 
pressing and interpreting results in the subsequent portion of 
this paper, the use of technical or psychophysical terms 
has been avoided with a view to making the experiments more 
intelligible to the food manufacturer, especially the bottler. 

The five sirups, therefore, were prepared and adjusted to 
such volumes that each cubic centimeter contained theo- 
reticaUy 0.5 g. of sugar. The analysis of these sirups by 
two methods showed that they were, in fact, of the theoretical 
strength within reasonable limits. The final volumes of 
the sirups were in the ratio of 100 volumes for the sucrose 
sirup and 105 volumes for the invert sirups, equal amounts 
of sucrose having been used in their preparation. The 
sourness of Sirups 3,4,  and 5 was made equal to that of Sirups 
1 and 2 by the addition of an equivalent amount of acid. 

Solutions of the sirups varying from 2 to 3 per cent in 
strength were made with distilled water. These strengths 
proved on preliminary testing to be most satisfactory for the 
final comparisons, since the difference in limen of solutions 

l a  “Specific Rotation of Levulose,” J .  Am.  Chem. SOG., 42 (1920), 1696. 
14 Hollingworth and Poffenberger, “The Sense of Taste,” 44. 
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of these concentrations was found consistently to  be 5 per cent, 
whereas higher or lower concentrations were less satisfactory. 
Portions of the diluted solutions were emptied into beakers 
and the beakers shuffled. A spoon with a capacity of 3.5 CC. 
was used to convey the solutions to  the mouth. Sipping from 
the beaker, drawing a measured quantity of solution into 
the mouth from a bent glass tube, and other methods were 
tried, but were discarded in favor of the spoon. Before 
each sweet solution was tasted, the mouth was rinsed out 
with a spoonful of distilled water. After tasting, the solu- 
tions were arranged in the order of their relative sweetness. 
Due regard was paid to the factor of fatigue and to the na- 
ture of preceding stimuli_by the duration of the tests and by 
allowing several hours to elapse after a meal before begin- 
ning the tests. While not all the factors enumerated were 
reduced to a minimum, they were kept very constant. The 
individual sensitiveness to taste sensation probably does not 
vary greatly with the individual. Yet as the tests proceeded 
a variation in ability to make nice discriminations in taste 
sensation was noticed. This variation was probably due 
to quality of perception rather than to quality of taste sense, 
since a noticeable improvement was made by the observers 
in their ability to make correct decisions when several su- 
crose solutions of slightly different strengths were compared. 

The results obtained are recorded in Table 11. 
TABI,S 11-RESULTS OF TASTING EXPERIMENTS 

Sucrose 3 
Sucrose 3 
Sucrose 3 

Sucrose 3 
Sucrose 3 
Sucrose 3 

Invert 1 
Invert 2 ’ 

Invert 1 
Invert 2 

Invert 1 
Invert 2 
Sucrose 3 
Invert 4 
Invert 5 

Invert 1 
Invert 2 
Sucrose 3 

Invert 1 
Invert 2 
Sucrose 3 

Invert 2 
Sucrose 3 
Invert 4 

Invert 1 
Invert 2 
Sucrose 3 

2.0 
2.2 
2.5 

2 .Q 
2.1 
2 . 3  

2.0 
2.5 

2 . 0  
2.2 

2 . 0  
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 

2.1 
2.1 
2.0 

2.2 
2.0 
2.2 

3.0 
2.5 
2.0 

TRIAL A 
100 
110 
125 

100 
105 
115 

100 
125 

100 
110 

100 
100 
100 
100 
100 

100 
100 
100 

105 
105 
100 

110 
100 
110 

TRIAL B 

TRIAL C 

TRIAL D 

TRIAL E 

TRIAL F 

TRIAL G 

TRIAL H 

TRIAL I 
15? 
123 
100 

a a a a  
b b c b  
c c b c  

a a a a  
b b b b  
c c c c  

a a a a  
b b b b  

b a a  
a b b  

a a a a  
a a a a  
b b b b  
a a a a  
a a a a  

a a a a  
a a a a  
b b b b  

a a a a  
a a a a  
b b b a  

b a a a  
b b b b  
a b a b  

c c c  
b b a  
a a b  

Sugar in Relative Order of Relative Sweet- 

Kind of Solution’ of Observers Predomiuat- 
Solution’ Grams Solutions 1 2 3 4 ing Opinion 

100 Cc. of Strength ness by Tasting8 

! 
C 

a 
b 
G 

a 
b 

a 
b 

a 
a 
b 
a 
a 

a 

t 
a 
a 
b 

la 
b 
a,  b 

C 
b 
a 

3 Invert 1, hydrochloric acid used for inversion. 
Invert 2, tartaric acid used for inversion. 
Sucrose 2 plain sucrose solution. 
Invert 4,’invertase used for inversion, concentrated at atmospheric 

Iivert 5, invertase used for inversion, concentrated in vacuum. 
f Error is negligible if figures in this column are termed per cent by 

8 a =least sweet: b = sweeter than a: c = sweeter than b 

pressure 

weight of sugar. 

INTERPRETATION OF RESULTS 
When two solutions of different sugars but of the same 

percentage strengths are tasted and designated a and b ac- 
cording t o  their relative sweetness, a being less sweet than 
b, quantitative data can be obtained by diluting the sweeter 
solution until no difference can be detected in the sweetness 
of the two solutions. The probable error can be obtained 
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from the different percentages of a given sugar in two solu- 
tions classed as being equally sweet. 

Trials A and B in Table I1 show that it is possible to dis- 
tinguish, by tasting, a 2 per cent sucrose solution from a 2.1 
per cent solution, the relative strengths of the two solutions 
being 100 and 105, respectively. This and larger differences 
can be detected consistently. Trials C and D show that a . 
2 per cent invert sugar solution can be distinguished from a 
2.2 per cent invert sugar solution, and that larger differences 
can be distinguished consistently. Invert sugar prepared in 
different ways was used for these comparisons, but later 
tests showed that the methods of preparing the two sirups 
did not affect their sweetness. Trials E and F show conclu- 
sively that the four invert sugar solutions each containing 
2 per cent of invert sugar were equally sweet, although they 
were prepared in different ways. Furthermore, a 2 per cent 
sucrose solution is shown to be sweeter than any of the 2 
per cent invert sugar solutions. Inspection of the data in 
Trials G, H, and I indicates how much sweeter sucrose is 
than invert’ sugar at a concentration of about 2 per cent. 
Trial G shows that a 2 per cent sucrose solution is sweeter 
than a 2.1 per cent invert sugar solution, Trial H that it is 
even sweeter than a 2.2 per cent invert sugar solution, and 
Trial I that it is less sweet than a 2.5 per cent invert sugar 
solution. Evidently, then, a 2 per cent sucrose solution is 
about as sweet as a 2.35 per cent invert sugar solution pre- 
pared according to one of the methods which were used. If 
sucrose is assigned a value of 100, invert sugar equals 85, 
or, expressed in another way, 117 units of invert sugar would 
have the same sweetening power as 100 units of sucrose. 

INFLUENCE OF FLAVOR 
Sirups 1 and 2 were prepared in such a way that they were 

practically devoid of the flavor which is ordinarily regarded 
as a characteristic of invert sirups. They gave, however, 
a slightly harsh or rough sensation, which is undesirable. 
This harsh sensation was not eliminated by neutralizing the 
residual acidity of the sirup with alkali. Sirup 4, prepared 
with invertase and reduced in volume by boiling at  atmos- 
pheric pressure, possessed a very marked flavor suggesting 
candy. Sirup 5, prepared with invertase and reduced in 
volume by boiling in a partial vacuum, possessed a slight 
though distinct candy flavor. Sirups 4 and 5 did not pro- 
duce the slightly harsh sensation which was given by the 
sirups inverted with acid. In  fact, they were remarkably 
smooth, agreeable, and honey-lie. Of the four invert 
sirups, Sample 5 was the most pleasing to the senses.- 

The appearance, flavor, and taste of the finished sirups are 
summarized in Table 111. 

TABLE 111-APPEARANCE, FLAVOR, AND TASTE OF FINISHED SIRUPS 
SIRUP MSTHOD OF PREP- TASTE AND 
No. ARATION APPEARANCE FLAVOR TOUCH 
1 Inverted with hy- Practically Slightly harsh, 

2 Inverted with Slight yellow Practically Slightly harsh, 

3 Not inverted Colorless None Neutral, sweet 
4 Inverted with in- 

vertase concen- 
trated by boil- Marked 
ing at atmos- candy fla- Smooth, sweet 
pheric pressure Deep yellow vor 

5 Inverted with in- 
vertase concen- 
trated by boil- 
ing under re- Slight yellow Slight candy Smooth, sweet 
duced pressure tinge flavor 

drochloric acid Colorless none sweet 

tartaric acid tinge none sweet 

QUALITY OF BOTTLED SODAS MADE WITH INVERT SIRUP 
Bottled sodas were prepared with all five sirups. Root 

beer, ginger ale, and lemon flavors were selected as typical 
of the various types and also because both ginger and lemon 
are especially well adapted to such comparisons, having such 


